Characterizing Shear Wave Contact Transducers by Immersion Scanning by Hsu, David K. et al.
CHARACTERIZING SHEAR WAVE CONTACT TRANSDUCERS BY IMMERSION 
SCANNING 
David K. Hsu, Vinay Dayal, and Brent A. Fischer 
Center for Nondestructive Evaluation 
lowa State University 
Ames, lA 50011 
INTRODUCTION 
Shear wave ultrasonic transducers for contact mode testing are commercially 
available. These packaged transducers usually contain a circular piezoelectric element and 
the mounting is such that the polarization direction of the shear vibration is defined by a 
line passing through the center of the transducer and the electrical connector. For measure-
ments in isotropic materials, the polarization direction is not important. For quantitative 
shear wave measurements in anisotropic materials such as composites1-3 , it is important to 
know the polarization direction ofthe transducer with a good precision. Unfortunately, 
commercial shear wave transducers are usually not very accurate in their mounting; it is not 
uncommon to have +/- 10° of error in their polarization direction and much greater errors 
have also been encountered. 
This paper describes a novel method for imaging the vibration pattem of a shear 
wave transducer. The method is simple to implement and can be used in verifying the 
correctness of the polarization direction for off-the-shelf commercial transducers. lt pro-
vides a way for measuring the actual angle between the shear polarization direction and the 
connector of the transducer if the piezoelectric element happens to be improperly mounted. 
The images produced also serve to reveal any asymmetry or distortion of the shear motion 
of the transducer. 
DESCRIPTION OF METHOD 
The piezoelectric element of a shear wave transducer is usually a circular disk 
potted in a metal case with adhesive resin. When driven by an electric voltage, the shear 
mode vibration of the transducer is essentially that of a finite circular disk clamped around 
the edge. As a result, the transducer cannot produce a pure shear mode vibration; instead, 
there will always be some impure out-of-plane motion. These impure modes ofvibration, 
sometimes referred to as parasitic modes, may be detected using a longitudinal wave 
transducer when the shear transducer is immersed in water. The method for imaging the 
polarization direction of a shear wave transducer is therefore simply to perform a C-scan in 
an immersion bath using a focused longitudinal wave transducer as the receiver and the 
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shear wave transducer to be tested as the transmitter. The separation distance between the 
two transducers should be such that the surface of the shear transducer is at the focal point 
of the longitudinal receiving transducer. The two transducers need not to be of the same 
frequency provided they are driven with a broadband pulse and that their frequency spec-
trum have enough overlap to give a good received signal. An amplitude C-scan image is 
then produced based on the received signal. A schematic diagram is shown in Fig. 1. 
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Fig. 1 Schematic diagram showing the pitch-catch C-scan method for imaging the out-of-
plane vibration of a shear wave transducer (used as the transmitter) using a focused longitu-
dinal wave transducer as the receiver. 
Using this method, the out-of-plane vibration of a 0.5 MHz, l" diameter shear wave 
transducer is mapped out by a focused longitudinal wave transducer with a center fre-
quency of 1 MHz, a diameter of 0.75", and a focallength of 1" in water. The result of this 
scan is shown in Fig. 2. The image shows two crescent-shaped regions of higher signal 
amplitude. The pattern contains a mirror symmetry with respect to a line connecting the 
centers of the two crescents. This line coincides with the shear polarization direction of the 
transducer. For the particular transducer imaged in Fig. 2, the electrical connector is 
located at the top (90° position). lts shear polarization direction is therefore in error by 
about 10° in the clockwise sense. 
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Fig. 2 Longitudinal vibration amplitude of a 0.5 MHz, 1" diameter shear wave transducer 
as mapped out by a pitch-catch C-scan using a 1 MHz, 0.75" diameter, l " focus longitudi-
nal transducer. The scanned area is 1" x 1 ". A straight line has been drawn through the 
centers of the two crescents. 
In order to understand the longitudinal vibration profile of a shear wave transducer, 
such as that shown in Fig. 2, the shear motion of a circular disk constrained at the edge is 
modeled using the Finite Element Analysis. The circular disk is analyzed by subdividing it 
into small 8-noded 3-D structural solids. The elements are in a single layer 0.05 inch thick 
and the diameter of the disk is 1 inch. The element size is restricted to about 0.05 inch. In-
plane forces are applied to all the top and bottom elements in opposite directions to simu-
late the shearing force condition. ANSYS, a Finite Element analysis code, is used to 
calculate the displacement of the disk. Graphie output of the displacement field can be 
viewed both from the top and the side of the disk. The side view of the out-of-plane dis-
placement component is shown in Fig. 3(a), and the top view is shown in Fig. 3(b). In Fig. 
3(a) the forces on the top surface are to the right; the forces on the bottom surface are to the 
left. The edge of the disk is fixed; as a result, the right half of the disk bulges up while the 
left half bulges down. As the transducer vibrates, both halves will bulge up and down 
altemately. This is the source of the detected "longitudinal" signalinan immersion experi-
ment. 
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Fig. 3 Finiteelementmodel results for a disk under a shear load. (a) Side view, (b) Top 
view. 
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A significant property of the sheared disk, according to the Finite Element model-
ing, is that the displacement to the left of the center and to the right of the center are 
opposite in phase. Therefore, when the shear transducer is driven by an AC voltage, the 
left half and the right half of the disk will have equal but opposite out -of-plane oscillations. 
The RF waveforms of the received signals when the receiving transducer is positioned at 
the center of the two crescents in Fig. 2 are acquired and compared to each other. They are 
indeed opposite in phase. Although the Finite Element modeling produced two compressed 
ellipses instead of two crescents, the main features of the experimental results have been 
reproduced. The difference in shape can be attributed to the fact that the finite element 
model makes very simple assumptions about the boundary conditions of the disk whereas 
the mounting of a real transducer is much more complex. The finite element model indi-
cates that the shear polarization direction can be determined by drawing a straight line 
through the center of the two crescents in the experimental image. The C-scan images are 
usually symmetric enough so that the straight line bisects the two crescents, however, 
occasionally a shear transducer may produce a somewhat distorted image that is best fitted 
by a curved line through the centers of the crescents. Such conditions could be the result of 
a number of physical conditions of the transducer including a nonuniform boundary condi-
tion at the edge of the transducer element, a nonuniform backing condition, or excessive 
influence by the electrodes and connections. 
The Iack of angular isotropy of the double crescent pattern can be a source of 
confusion when shear wave transducers are used in measurements. For example, when 
shear wave transmission measurements were made using two contact mode shear transduc-
ers, a small transmitted signal was always present prior to the arrival of the main shear 
wave signal. The small signal was found to have the longitudinal velocity but showed an 
angular dependence similar to that of a linearly polarized shear wave. lts amplitude was a 
maximum when the two shear transducers were aligned parallel, was zero when the trans-
ducers were crossed, and changed sign when the transducers were aligned antiparalleL 
This behavior can now be easily explained based on the spatial response ofthe out-of-plane 
component of a shear wave transducer as revealed by a longitudinal wave C-scan in immer-
sion. 
CONCLUSION 
A simple immersion scan of a shear wave transducer can determine the direction of 
the shear polarization and detect mounting errors of the transducer element. The scan 
image is a representation of the out -of-plane vibration due to the finite size and boundary 
conditions of the shear element. The image would therefore reveal any distortion or 
anomalaus vibration pattern of the transducer due to improper packaging. The method can 
be used in screening and characterizing commercial shear wave transducers. 
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